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The burden of healthcare-associated infections (HAIs) is greater in low- and middle-
income countries than in high-income countries. Inadequate environmental health conditions and 
work systems contribute to HAIs in countries like Malawi. This paper examines the barriers and 
facilitators to infection prevention and control (IPC) practices. We collected qualitative data 
from 48 semi-structured interviews with healthcare workers (HCWs) and conducted a thematic 
analysis to explain quantitative findings. Data from microbial swab samples and surveys, 
collected from 45 healthcare facilities, were also analyzed. Strengths of IPC in healthcare 
facilities (HCFs) included disinfection practices, patient education, and waste management 
procedures. Healthcare workers reported barriers such as lack of IPC training, bottlenecks in 
maintenance and repair, hand hygiene infrastructure, water provision, and personal protective 
equipment. To date, no assessments of IPC practices in Malawian HCFs have combined 
quantitative data with qualitative thematic analysis. In resource-constrained settings it is 
especially important to maximize funds and resources. A more comprehensive understanding of 
barriers and facilitators to IPC practices will help decision-makers craft better interventions and 
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CHAPTER ONE: INTRODUCTION AND BACKGROUND 
1.1 - Introduction 
The role of healthcare workers (HCWs) in protecting and improving the health of patients 
goes beyond medical care and treatment. HCWs are responsible for infection prevention and 
control (IPC) practices, defined as the “scientific approaches and practical solutions designed to 
prevent harm caused by infection to patients and health workers associated with the delivery of 
health care” (WHO & UNICEF, 2020). Adhering to IPC guidelines and practices is necessary to 
reduce the occurrence of healthcare-associated infections (HAIs) in patients and HCWs alike 
(Aboelela, Stone, & Larson, 2007; Picheansathian, 2004; Safdar & Abad, 2008). Investment in 
IPC interventions and infrastructure can increase quality-adjusted life-years and other health 
outcomes for patients, as well as reduce the overall cost incurred by HAIs for HCFs (Pittet et al., 
2008). Despite the importance of infection prevention, there is evidence that, globally, HCW 
compliance with IPC protocols is inadequate (Allegranzi and Pittet, 2009). 
Efforts to reduce the risk of HAIs are especially important in low-resource settings and 
low- and middle-income countries (LMICs), where HAIs affect approximately 16% of patients 
(Allegranzi et al., 2011). Despite the scarcity of data, the burden of HAIs in sub-Saharan Africa 
appears to be high (Rothe et al., 2013). Many HCFs in resource-limited settings have inadequate 
environmental health conditions and insufficient basic supplies for cleaning and IPC practices, 
including soap, surface disinfectants, disposable gloves, and other personal protective equipment 
(WHO and UNICEF 2019). There is evidence that a substantial number of HAIs are attributable 
to these poor environmental health (EH) conditions (Nejad et al., 2011; Benova et al., 2014).  
 
8 
In addition to EH conditions, a variety of other factors also influence the risk of HAIs. 
The behaviors and attitudes of HCWs, in regard to IPC practices, are affected by their co-
workers and peers, the design of their workplaces, the resources they have access to, their 
understanding and beliefs, and other determinants. Despite the importance of these factors, there 
exists a gap between psychological and sociocultural theory and behavior change interventions. 
A systematic review of behavior change and IPC optimization found that intervention studies 
generally do not apply psychological or social marketing frameworks, despite social marketing 
gaining support as a model for behavior change in IPC (Edwards et al., 2012). A lack of 
comprehensive understanding of environmental as well as behavioral factors that influence IPC 
impedes decision-making on efficient use of resources, which is especially detrimental in 
Malawian HCFs and other low-resource settings.  
This study explores the barriers and facilitators that affect the capacity of nurses and 
physicians in carrying out IPC practices in Malawian HCFs. Due to the complex nature of 
infection prevention in HCFs, a systems engineering approach is appropriate for evaluating and 
analyzing the effects of various factors and their interactions on IPC (Anderson et al., 2010; 
Yanke et al., 2015). Using the Systems Engineering Initiative for Patient Safety (SEIPS) model, 
this study organized the factors that were found to influence IPC under one of five ‘work system 
components’: person, organization, tasks, tools and technology, and environment (Carayon et al., 
2006). Under these work system components include behavioral (e.g., hand hygiene, IPC 
training), environmental, social, and various other factors and variables that may impact HCWs 
ability to carry out IPC practices. By applying qualitative methods, we can gain an in-depth 
understanding of the factors influencing IPC, specifically in the context of Malawian HCFs, as 
well as the relationships between these factors. Investigating these barriers and facilitators 
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provide key insights into the challenges of adhering to IPC protocols and ultimately inform new 
initiatives aimed at encouraging behavior change, and protecting HCWs and patients. 
1.2 - Background 
1.2.1 - Baseline assessment of WaSH in HCFs in Malawi 
In 2014, a Service Provision Assessment (SPA) was conducted in 977 Malawian HCFs. 
The SPA, conducted by the United States Agency for International Development (USAID), gave 
an overview of the service delivery capacity in the country (USAID, 2019). The assessment 
reviewed conditions in hospitals, health centers, dispensaries, clinics, and health posts and found 
that 37% of facilities did not have toilets available for patients, that 40% lacked both soap and 
running water, and approximately 50% did not have hand-washing supplies (MoH & ICF 
International, 2014). 
In 2017, the Water Institute at the University of North Carolina at Chapel Hill (UNC), in 
partnership with UNC Project Malawi, assessed EH conditions in 45 government-run HCFs in 
Malawi. This project aimed to address the integration of WaSH and EH conditions in HCFs by 
evaluating the knowledge, attitudes, and practices of different actors concerning WaSH, EH, and 
IPC in delivering health services. The assessment was conducted in all three regions of Malawi. 
Qualitative and quantitative data were collected on water, sanitation, hygiene, ventilation, 
infection control, vector control, energy access, and solid waste management. 
The objective of the HCF assessment conducted by UNC was to interview five different 
actors in each HCF including HCWs, administrators, patients, environmental health officials 
(EHOs), and cleaners – to gather data needed to answer the following question: What are the 
facilitators and barriers HCWs face in carrying out IPC practices in healthcare facilities? 
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1.2.2 Healthcare facilities in Malawi 
As of 2014, there were 1,060 HCFs in Malawi provided by public, private for profit 
(PFP) and private not for profit (PNFP) sectors (MoH, 2017).  Table 1 shows the distribution of 
HCFs by type and ownership. The Malawian healthcare system is organized into three tiers: 
primary, secondary, and tertiary levels. These levels are linked together by an established referral 
system. 
At the primary level, health services are offered in health posts, dispensaries, maternity 
wards, clinics, health centers, and community hospitals. Health centers usually offer outpatient 
and maternity services and are responsible for serving roughly 10,000 people (MoH, 2011). Due 
to their rural location and small facility size, they usually experience large patient volumes and 
exhibit a high ratio of patients to medical staff. Community (or rural) hospitals offer free services 
and lack adequate medical supplies and personnel. Community hospitals are larger than health 
centers and offer outpatient and inpatient services and conduct minor surgical procedures.  
The secondary level consists of district hospitals as well as hospitals owned and operated 
by the Christian Health Association of Malawi (CHAM). This major provider contributes 
approximately 29% of all health services in Malawi (MoH, 2017). These hospitals provide both 
outpatient and inpatient referral services and receive referrals from lower-level health centers. 
There are 27 district hospitals located throughout the 28 districts of Malawi. 
Central hospitals with a bed capacity ranging from 500 to 2,000 operate at the tertiary 
level and provide specialty services within a region. They manage cases referred by district 
hospitals within their region. There are only four central hospitals located in the urban areas of 
Malawi. Due to a lack of a gate-keeping system, such as a primary care physician providing 
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referrals, around 70% of the services that tertiary level HCFs provide are either primary or 
secondary services (MoH, 2011). 
Table 1. HCFs in Malawi by Type and Ownership (MoH & ICF International, 2014) 
 Government CHAM Private NGO Company Total (%) 
Hospital  51 44 22 2 0 119 (11) 
Health Centre 360 112 5 5 7 489 (46) 
Dispensary 46 2 2 0 5 55 (5) 
Clinic 25 11 223 52 58 369 (35) 
Health Post 27 1 0 0 0 28 (3) 





CHAPTER TWO: METHODS 
2.1 Study setting 
Malawi is a country situated in Sub-Saharan Africa and landlocked by Zambia, Tanzania, 
and Mozambique (Figure 1). Malawi has a population of almost 19 million (growing at a rate of 
2.9% per year) and is distributed unevenly across its three regions. The largest and second largest 
percentage of the population are in the southern and central regions, respectively; the smallest 
percentage is in the northern region. The capital city of Lilongwe is in the central region, while 
the second largest city of Blantyre is in the southern region. 
2.2 - Study sample 
Quantitative and qualitative data were collected from 45 government-run HCFs in 
Malawi, with 10 facilities in the northern; 16 in the central; and 19 in the southern districts. The 
HCFs were located in the Northern, Central, and Southern regions, and the sample comprised 
central hospitals, district hospitals, and health centers (Figure 2). 
Fourteen of Malawi’s 28 districts were selected to ensure that the number of districts in 
each of the three regions corresponded with the relative population. A spatial clustering approach 
was used to select districts to ensure that the sample covered the geographic area of each region. 
The facilities were selected to ensure geographical representation and to provide insight into 









Figure 2. Geographic distribution of healthcare facilities sampled, by facility type, region, and 
district in Malawi 
 
The number of districts included per region was based on population size in each region. 
One district hospital and one health center were selected per district included. Representatives 
from the Ministry of Health and Population as well as staff from UNC Project-Malawi selected 
one central hospital within each region (McCord et al. 2019; Reuland et al. 2019). Table 2 shows 
the proportion and number of sampled HCFs by geographic region and facility type. 
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Table 2. Number and proportions (%) of healthcare facilities sampled, by facility type and sub-












North 1 (33.3) 3 (21.4) 3 (20.0) 3 (23.1) 10 (22.2) 
Central 1 (33.3) 5 (35.7) 6 (40.0) 4 (30.8) 16 (35.6) 
South 1 (33.3)  6 (42.9)  6 (40.0)  6 (46.2)  19 (42.2) 
Total 3 (100) 14 (100) 15 (100) 13 (100) 45 (100) 
 
2.3 Qualitative data overview 
 A qualitative interview guide was developed by the Water Institute at UNC, the Malawi 
Ministry of Health (MoH), and UNC Project Malawi. Data were collected using a semi-
structured approach utilizing questions relating to personal experiences, perceptions, events, and 
knowledge of EH conditions (Guest, Namey, & Mitchell, 2017). Five questionnaires were 
developed for HCWs, administrators, patients, EHOs, and cleaners. The HCW questionnaire can 
be found in Appendix A. The final HCW surveys were translated by staff at UNC Project 
Malawi, as most of the HCW interviews were conducted in Chichewa (the local language in 
Malawi). Field researchers were trained in qualitative research methods prior to data collection. 
Throughout the interview process the research team periodically conducted internal quality 
checking of bias by sitting in on each other’s interviews to ensure the highest quality of collected 
data. 
Data were collected by field researchers in the dry season (June to August 2017). All 
HCWs provided verbal and written consent to be interviewed and interviews were recorded in 
either English or Chichewa. A copy of the English consent form can be found in Appendix B. 
Interviews were conducted with 48 HCWs (16 males, 32 females) across 39 HCFs. In the other 6 
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HCFs, a supervising health surveillance assistant (SHSA) was interviewed. These interviews 
were not included in the qualitative analysis. Each facility visit began with a meeting with the 
District Environmental Health Officer (DEHO), the HCF administrator, or another facility leader 
to explain the purpose of the research. Interviews with HCWs were conducted in Chichewa, 
English, or a combination of the two. UNC Project Malawi staff interviewed the participants and 
ensured that questions were asked clearly, correctly, and respectfully. Field researchers took field 
notes daily and they were compiled and used to identify research themes and to develop the 
codebook for qualitative data analysis. 
An emergent data collection design was used to allow interviewers to make decisions in 
the field regarding the effectiveness of the questions being asked. The first few interviews were 
much longer than the rest as a result of redundant responses. In the course of the survey, changes 
were made to the questions to avoid confusion in determining the status of EH conditions in the 
HCFs.  
2.4 Quantitative data overview 
 Quantitative data from surveys were collected from all five actors working in HCFs in 
Malawi. The only quantitative datasets used in this paper were from healthcare workers, HCF 
characteristics, WaSH conditions in HCFs, as well as microbial swab data from maternity wards. 
The tools used in developing the survey include: the WHO’s Essential Environmental 
Health Standards in Health Care (EHS Health Care); the Soap Box Collaborative WASH and 
CLEAN Toolkit (WASH and CLEAN); WHO and UNICEF’s Water and Sanitation for Health 
Facility Improvement Tool (WASH FIT); Clean and Safe Health Facilities (CASH) Audit Tool 
from the Medical Services Directory in Ethiopia, Service Delivery Indicator (SDI) Survey from 
Kenya, WHO’s Service Availability and Readiness Assessment (SARA); and Malawi’s Service 
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Provision Assessment (SPA) (Adams et al., 2008; ICF International, 2013-14; The Soapbox 
Collaborative, 2014; World Bank Group, 2013; World Health Organization, 2017). Questions for 
the survey were taken from each document to develop a comprehensive assessment of EH 
components including water quality, water quantity, water access, sanitation, waste management 
and disposal, cleaning, building layout and design, IPC, information and hygiene promotion, and 
energy access.  
A gap analysis was conducted to identify where the toolkits did not sufficiently address 
indicators proposed in environmental health services (EHS); these gaps were filled with 
information collected through a targeted literature review (Reuland, 2018). Indicator inclusion 
was also informed by reviewing the linkages available in the most recent literature between 
specific EH-related practices and health outcomes. One or more questions were selected to 
evaluate each indicator. Final question selections and alterations were validated using indicator 
selection criteria and panelist review (Schwemlein, Cronk, & Bartram, 2016). The questions 
were uploaded to the mWater mobile application (New York, NY, USA) in English. The surveys 
can be found in supplementary materials. The facility-wide quantitative survey was administered 
to an HCF administrator at each facility, or to another actor knowledgeable about the facility’s 
general EH conditions. At all health centers and health posts, the administrator doubled as the 
lead health care provider, referred to as the “in-charge”. At 34 of 45 HCFs, the survey was 
administered to the administrator or the in-charge. In eight cases where the administrator was 
unavailable or the in-charge was attending patients, facility-level EHOs responded to the survey. 
The surface swab tests were conducted within the maternity wards using Hygiena 
UltraSnap™ (Hygiena Camarillo, CA, USA) swab kits. These samples were collected from four 
surfaces: light switches, delivery room mattresses, sink handles, and forceps from a sterile 
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delivery pack. These high-touch surfaces and reusable patient care equipment are considered 
“critical sites” for microbial contamination due to their potential in transmitting infections 
through contact or use in sensitive patient care procedures (CDC, 2014). Surfaces were swabbed 
according to the swab manufacturer’s instructions. The surface swabs were immediately 
analyzed using a Hygiena adenosine triphosphate (ATP) meter to measure ATP levels on each 
surface. Fluorescence results were read and recorded in relative light units (RLU). Surface 
samples were considered to be low risk if ATP surface swab tests produced fluorescence values 
of < 30 RLU and were considered to be contaminated if fluorescence values exceeded 30 RLU. 
2.5 Qualitative data analysis 
 The audio recordings, in English and Chichewa, were translated and transcribed by 
transcribers at UNC Project Malawi who were fluent in both languages. The coding process for 
these transcripts consisted of thorough readings and deductive application of codes to HCW 
responses in order to categorize the data into a suitable form for analysis. A team of qualitative 
researchers met weekly to code the transcripts and identify themes from the dataset and to 
determine how codes were to be applied in different contexts. To ensure that codes were applied 
appropriately and consistently, coding was conducted using a two-stage process. The first stage 
involved the development of a preliminary codebook, where codes were deductively determined 
based on field notes taken by the data collectors. Transcripts were distributed among team 
members by sub-national region and the coding team met weekly to discuss, edit, approve, and 
refine new codes. Additional codes inductively emerged from HCW responses during the first 
stage of coding. The final codebook consisted of a total of 255 deductive and inductive codes. 
The final codebook was then used for the second stage of coding, such that all transcripts were 
reviewed by two researchers, all transcripts had been reviewed with the final codebook, and 
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coding was conducted consistently and reliably among coders. The final codebook is in 
Appendix C. 
Once the coding was completed, qualitative tools within Dedoose were used to identify 
emerging themes. Code co-occurrences provides information about how different codes were 
used across all project excerpts (Dedoose, n.d.). The most frequent code cooccurrences relating 
to EH conditions were identified as themes within the data.  Figure 3 provides a visual 
representation of code co-occurrences via the Dedoose interface. 
 
Figure 3. Partial code co-occurrence matrix from Dedoose 
 All excerpts for each code co-occurrence were reviewed to ensure that transcripts were 
coded accurately and in accordance with the final codebook. Representative quotations from 
HCWs were taken from excerpts that fit into the SEIPS model (Figure 4) which was used to 
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organize the data. This model categorized elements of the working system which includes 
elements of person, organization, tools and technology, tasks, and environment.  
 To provide an organizational structure to the results, we applied the SEIPS model 
(Carayon et al., 2006). This model was first created to assess the structures, processes, and 
outcomes in healthcare and includes three sub-models: the work system, process, and outcomes 
(Figure 4). Instead of focusing on patients as this model suggests, we focused on HCWs. The 
model was used to highlight and organize the themes into the work system including person, 
organization, tasks, tools and technology, and environment. Process and outcome components of 
the SEIPS model were not included in this study. 
 
Figure 4. Systems Engineering Initiative for Patient Safety (SEIPS) model (Carayon et al., 2006) 
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2.6 Quantitative data analysis 
The quantitative data were exported and cleaned using Microsoft Excel and Stata (V13, 
StataCorp, College Station, TX, USA). Summary statistics of EH conditions in Malawian HCFs 
were assessed in terms of water, sanitation, hygiene, waste management, energy services, 
environmental cleanliness, and other select determinants. 95% confidence intervals were 
calculated in Stata. 
2.7 Mixed-methods approach 
 This study used a convergent parallel design for mixed-methods research (Figure 5). 
Qualitative and quantitative data were collected and analyzed separately. After data analysis, 
results were compared and related with each other. Finally, the comparison and relationships 
between qualitative and quantitative data were interpreted.  
 
Figure 5. Convergent Parallel Design for Mixed Methods Research (Creswell & Clark, 2017) 
2.8 Ethics statement 
Ethical approval and all relevant research permits were received from the University of 
North Carolina at Chapel Hill’s Office of Human Research Ethics (approved non-biomedical 
research, project 16-1682), and the Malawi Health Sciences Research Committee (approval 
number UNCPM 21908). 
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CHAPTER THREE: RESULTS 
Using both qualitative and quantitative analysis, barriers and facilitators to HCWs 
carrying out IPC practices were identified. In this chapter, qualitative interview results are 
presented, with the integration of quantitative survey results. Data were organized using the 
SEIPS model, which included person-level, environmental, organizational, task-related, and 
resource factors (Figure 5). These results were mixed and summarized in Table 3. 
 
Figure 6. Barriers and facilitators to infection prevention and control practices under the 
Systems engineering initiative for patient safety (SEIPS) model  
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Table 3. Comparison of infection prevention and control data from surveys, sterility swab data, 
and semi-structured interviews at healthcare facilities across Malawi 
SEIPS 
Components 
Quantitative (Survey and Sterility 
Swab Samples) 
Qualitative (Semi-Structured Interviews 
with Healthcare Workers) 
Person ● 65.9% (of HCFs) reported 
having infection prevention 
trainings 
● 97.4% reported providing verbal 
encouragement to staff to 
engage in infection prevention 
and control practices 
● 24.4% reported having posters 
and other visual information 
used to promote disease control 
that address hand washing 
● Lack of comprehensive infection control 
training and absence of periodic refreshers 
● Poor workplace norms and accountability 
result in poor hand hygiene compliance 
● Other factors that affected hand hygiene 
include visible cleanliness of hands, 
accessibility of soap and hand washing 
stations, temperature of the water, and 
general attitudes 
Organization ● 63.6% reported having written 
infection prevention and control 
guidelines 
● 86.4% reported having 
functional water sources 
● 38.1% reported having an 
energy source that always 
worked when needed 
● Few healthcare workers knew where the 
infection prevention and control policies 
were located 
● Bottlenecks in the repair and maintenance 




● 0.22 healthcare workers per 
1,000 population (n=12) 
● 28.1% reported practicing 
proper waste segregation in all 
wards 
● 83.7% reported collecting waste 
from point of care daily 
● Patients are informed of best practices in 
infection prevention and control (e.g., 
handwashing, how to use flush toilets) 
● Healthcare workers take shortcuts and shift 
tasks to patient families and non-medical 
staff due to lack of staffing 
● Waste segregation is an issue for waste 
disposal in incinerator 
Tools and 
technology 
● 97.6% reported having gloves 
present in all observed areas of 
care 
● ATP levels for forceps were 
29.3 RLU (95%CI: 4.3, 54.2) 
(n=31) 
● Inadequate personal protective equipment 
(heavy-duty gloves, gumboots for 
deliveries and surgeries, etc.) 
● Healthcare associated infections contracted 




Environment ● 60.5% reported having 
unavailable water supply at least 
once during the year (34.9% 
reported experiencing water 
unavailability >10 times during 
the year) 
● 29.5% reported treating their 
water to improve safety and 
29.3% reporting testing for 
water quality 
● 16.7% reported having a 
sufficient number of beds (n=12) 
● ATP levels for bed surfaces 
were 788.1 RLU (95%CI: 344.2, 
1232.0) (n=31) 
● Electricity blackouts were frequent, so 
water pumps were nonfunctional in many 
HCFs 
● Patients’ families brought in water when 
the facility was in short supply 
● Untreated water was reported to be visibly 
dirty or tasted salty, resulting in 
discomfort using the water 
● Lack of physical space (examination 
rooms, beds, etc.) result in reduced quality 
of health services 
● Many pediatric patients per bed as well as 
mothers delivering on floors 
● Reduced water supply due to shared water 
with the community 
 
3.1 Person 
3.1.1 Insufficient infection prevention and control training 
 While 65.9% of HCFs, according to the survey, had IPC training for staff, most HCWs 
(38 of 48, 79%) reported that they received inadequate or no IPC training while being employed 
by their current HCF. Of the HCFs that provided IPC training, none had refresher training 
sessions to keep HCWs updated on best practices, including hand hygiene practices and surface 
cleaning. Some HCWs said they briefly discussed IPC in the context of other topics, such as 
antiretroviral treatment. None of the HCWs who were asked when they were supposed to wash 
their hands could list all of the WHO ‘My Five Moments for Hand Hygiene,’ with all being able 
to list before and after seeing a patient.  One participant attributed the lack of IPC training to 
insufficient HCF funding, “Yes we just have sessions; we start with the health workers. It’s not 
everyone because of the funding” – Nursing Officer, District Hospital. Some HCWs 
acknowledged not adhering to protocols and appropriate infection control practices, even with 
appropriate knowledge and education. 
 
25 
“We know what we are supposed to do, but honestly we don’t do that [...] you will even 
see some staff handling about three to four patients without washing hands” – Nurse, 
District Hospital. 
3.1.2 Hand hygiene behavior 
Most HCWs (34 of 48, 71%) reported having adequate access to hand washing stations, 
reporting access to either sinks with taps or covered buckets of water with taps. However, few 
HCWs (5 of 48, 10%) reported having sufficient access to soap and hand drying towels. 
Sometimes, this lack of materials can be a financial burden for HCWs. One HCW explained that, 
for hand drying, "most people just use their clothes ... I think we are not motivated to have that 
[personal towels] because we are supposed to buy that on our own" - Nurse Midwife, Central 
Hospital. Another HCW notes, “Sometimes we try to buy ourselves and we use it. If we don’t 
have money then life goes on washing hands without soap” - In-Charge Nurse, District Hospital. 
While 97.4% of HCFs reported that they provided verbal encouragement to staff to 
engage in IPC practices, some participants noted that a lack of accountability contributed to poor 
hand hygiene compliance. 
“Sometimes it’s just laziness yeah, but also sometimes it’s because of the supervisors 
[who] are not there most of the time to supervise [us]. ‘This is what you have to do’ or 
‘You have forgotten this’ and ‘This is supposed to be done by you’.” – Clinician, District 
Hospital. 
Posters and hand washing reminders are also posted around many HCFs to encourage proper 
hand hygiene behavior. According to survey results though, only 24.4% of HCFs have posters 
and other visual information used to promote disease control through hand washing. 
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Another factor that influenced hand hygiene compliance is visible cleanliness of the 
HCW’s hands. One HCW stated that this was true “especially after wearing gloves and you see 
the powder and think, ‘Oh, my hands are dirty’. That’s why I said it depends on how the person 
feels, because most people only wash hands after seeing that their hands [are] dirty” – Nurse, 
District Hospital. Other reported reasons that HCWs did not wash their hands were perceived 
necessity of hand washing and cold ambient temperatures. 
3.2. Organization 
3.2.1. Infection prevention and control policies 
 According to the mWater survey, 63.6% of HCFs have written IPC guidelines. However, 
few HCWs (5 of 48, 10%) could recall specific IPC protocols. When asked if there were IPC 
policies at the HCF, one HCW said, “Yeah, we have them but we have not pasted them in the 
walls” - Nurse Midwife, Central Hospital. Another HCW noted that their IPC policies were 
“posted in the wards, like the rules and guidelines that are supposed to be followed” but added 
that, “of course they are not updated” - Nurse Midwife, Central Hospital.  
3.2.2. Bottlenecks in repair and maintenance 
All HCWs (48 of 48, 100%) mentioned having difficulty reporting infrastructure 
breakdown (water pumps, flush toilets, etc.), requesting resources, and other challenges to the 
hospital or district administration. However, at the time of the mWater survey, 86.4% of HCFs 
had functional water sources, while fewer HCFs (38.1%) had an energy source that always 
worked when needed. These problems were attributed to a disconnect between the HCWs who 
see these problems and the HCF administrators who make the decisions for budgets and policies. 
One HCW expressed their frustration, saying “we don't have any control [over the budgets], they 
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[decide] based on our report” – Medical Assistant, Health Center. When asked about EH issues 
in the HCF, another HCW noted that “I saw there was a group of people in December, they came 
here about environmental [health]. They were looking outside, about the toilets, about hand 
washing. But we nurses were not involved, they were doing it with HSAs [health surveillance 
assistants]” – Nurse, Health Center. Many HCWs believe that in order to have EH issues 
prioritized, there needs to be political will, as well as “Commitment from management of the 
institution as well the ministry itself” - Clinician, Central Hospital. 
All HCWs (48 of 48, 100%) explained that if they saw issues that could not be resolved 
within the HCF, they would have to report the incident, “If I see the taps leaking it’s my 
responsibility and the involvement starts from there and I have to go to the maintenance 
department to tell them. If they don’t have anything they have to go to the DHO or the 
administrator to tell him we have a problem” - Nurse, District Hospital. Despite taking an active 
role in initiating the maintenance and repair process, HCWs often did not see their issues 
resolved for months. Several HCWs reported that the sanitation and/or water system repair 
processes were ineffective because after a problem was reported, weeks would pass. In many 
cases, the administration ultimately said that there was not funding to resolve the problem. 
"The [sanitation/water system repair] process is not efficient enough because sometimes 
you report a problem and then it takes weeks to be fixed only to hear [...] we don't have 
the money to fix the problem" – Medical Assistant, Health Center. 
In one instance, the interviewer asked, “Did you try to tell them that some parts are missing?” 
and the HCW replied, “Many times, many times and this problem, it’s a long standing one” – 




3.3.1. Health talks with patients 
Most HCWs (43 of 48, 90%) talk to their patients about IPC and personal hygiene. One 
nurse from a district hospital stated that there was an “education unit” for teaching patients about 
IPC. Several HCWs reported that the reason why patients are not familiar with how to use flush 
toilets is because they are used to the pit latrines ,which they use in their villages. 
“There could be a problem as a result [of] patients not knowing how to use the flush 
toilets because they come from the village” - Labor Ward Nurse, Health Center. 
Besides not knowing how to flush the toilets, a few HCWs have noted that “most people don’t 
use tissue, they will come with a paper that is hard or even a plastic paper that will block the 
toilet” - Nurse, District Hospital. These blockages have caused such a problem in some HCFs 
that, “we want to ask some of those who are interested in helping us to see if they can build new 
toilets more specifically pit latrines because the [flush] toilets, they end up getting blocked. 
That’s our biggest challenge and that’s why one of the wards just closed” – Clinician, Central 
Hospital. These blockages can result in the spread of infection and illness as a result of 
overflowing toilets and misuse of sanitation facilities. 
Many HCWs cited patient understanding of hygiene and health as an issue, “because you know 
these patients and guardians they do come from the villages and life in the villages is not 
hygienic as such” - Nurse, District Hospital. Some HCWs have cited that the patients’ lack of 
education was likely a problem, “It depends on the educational level of and also the attitude of 
the patients [...] sometimes we meet patients and guardians who are very difficult to understand 
things and that really becomes a problem" - Nurse Midwife, Central Hospital. Many HCWs 
noted that patients do not wash their hands after using the toilets and latrines. 
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“Most of them don’t wash hands after using the toilet despite the fact that they have 
access to their own taps” - Nurse, District Hospital. 
3.3.2. Service demands and workplace pressure 
Two HCWs (2 of 48, 4%) reported having enough staffing in their HCFs, considering the 
high demand and high-pressure environments they described. According to the survey, there are 
around 0.22 HCWs per 1,000 population in Malawian HCFs (n=12). HCWs noted that because 
their HCFs did not have adequate staffing, they had to find alternative methods of patient care. A 
few HCWs explained that they had to take shortcuts. Shortcuts included not washing hands 
between patients, not changing gloves, and inadequate patient check-ups and examinations. 
“If you have more staff, things will be easy. [...] Sometimes you [use] shortcuts because 
you are in a hurry, you are under pressure and you want to satisfy all the patients” - 
Labor Ward Nurse, District Hospital.  
Other HCWs rely on the guardians of the patients to fulfill some of the HCWs’ responsibilities 
and duties. For instance, “Here in pediatrics, to be honest, we depend on the guardians of the 
children… of the patients… because we can’t… we have over 300 patients, maybe,” and later 
explains that HCWs are always in charge of injections, “but when it comes to tablets, syrups and 
suspensions we ask the moms or the guardians to bring a cup and [...] give the tablets. And we 
depend on the guardians to tell us if the condition gets worse” – Clinician, Central Hospital. 
Guardians are also asked to fetch water for patient procedures, “Like for theater (operating room) 
when someone has a client, when it's C section or any procedure we tell the guardians to go get 
water and bring to the theater. Usually we tell them to bring three buckets even in maternity. We 
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ask for three buckets, one for cleaning instruments, one for the mother to wash clothes and 
another one for bathing” - Nursing Officer, District Hospital. 
For many HCFs, the inadequate staffing of cleaners and ward attendants meant that the 
medical staff would take on additional duties and responsibilities. Oftentimes, when patients 
were in labor and could not walk to the sanitation facilities, they would defecate on their hospital 
beds, and nurses were expected to clean afterward, “If they are in labor it’s very difficult to tell 
the patient to go out from the labor ward. I can say that she can help herself on her bed. We as 
nurses, we are going to clean the stools and the urine” - Labor Ward Nurse, Health Center. Some 
HCWs stated that on certain days, there would be a “general cleaning” where all HCF staff 
participate in the cleaning process, “There is team work here. So, if we agree to do the general 
work, we do general cleaning. So, every Thursday we do general cleaning” - Nurse, Health 
Center. HCWs sometimes refused to do the general cleaning, 
“Mostly we don’t have some of the resources and also some attitude of health workers. 
Some of them need to be pushed to work. Like for example we are supposed to have a 
scrubbing day where we clean the department every Wednesday and sometimes if you are 
not there, people won’t do it. So sometimes they have to be pushed” - Nursing Officer, 
District Hospital. 
3.3.3. Waste management 
All HCWs (48 of 48, 100%) were aware of at least some of their HCF’s waste 
management strategies. According to the mWater survey, 83.7% of HCFs collected waste daily 
from point of care. Most HCFs segregated waste based on wet waste, dry waste, and sharps: “We 
have 4 bins we have a sharps container that we use for all the sharps and then we have another 
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waste for the dry waste and then wet waste so we make sure that they should not be full at least 
three-quarters full we go and empty them, from there we take the waste to the incinerator.” - 
Nurse, District Hospital. However, some participants did mention that when wastes were not 
segregated, incineration can be difficult, “The big challenge is I think where these wastes are 
managed like the incinerator and the like because they complain that when we don’t segregate 
them it’s very difficult for them to manage them.” - In-Charge Nurse, District Hospital. Health 
administrators reported in the survey that 28.1% of HCFs practiced proper waste segregation in 
all wards. In terms of waste management in the labor ward, HCWs are responsible for putting 
placenta in a bucket after childbirth, where they are then disposed of by hospital attendants, 
“Okay, after delivery we have a bucket for disposal of placentas. So, when they are three-
quarters full, the hospital attendants they take them to be disposed.” - In-Charge Nurse, District 
Hospital. While most HCFs seemed to have a functional waste management strategy, a few 
participants noted a lack of waste disposal area, “I think the biggest challenge would be the 
disposal of the waste. We don’t have a proper place for disposing off the waste. I don’t know 
where it is done but I am not sure it is an ideal place.” - Director of Pediatrics, Central Hospital. 
3.4. Tools and technology 
3.4.1. Personal protective equipment 
While 97.6% of HCFs reported having gloves present in all observed areas of care, most 
HCWs (32 of 48, 67%) said that the personal protective equipment (PPE) that their HCFs 
supplied was inadequate for their safety. While PPE such as disposable gloves and masks were 
supplied, gumboots (for deliveries and surgeries), heavy-duty gloves, and aprons were seldom 
available. This led to HCWs soiling their own clothing and bringing these biohazards home, 
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“And we don’t have changing rooms and lockers, so basically what you come to work in, that is 
how you are going to see the patients in. […] Sometimes you can manage to change, but you still 
take them home to wash” – Clinician, Central Hospital. One HCW noted that when masks were 
in-supply, they were inadequate. 
“I mean the masks are not ideal unless there are some patients that come but fortunately 
it’s outside so there is fresh air circulating but if someone else comes with a contagious 
thing I think you can get it. I remember […] I was dealing with patients in isolation, I 
don’t know where I got it but I think patients that have chicken pox they are in isolation 
and… yeah, so I got chicken pox from work. So it’s not ideal” – Clinician, Central 
Hospital. 
3.4.2. Disinfection and sterilization 
Most HCFs (25 of 39, 64%) had equipment (e.g., autoclaves) for sterilizing medical 
equipment such as forceps and blades. District hospitals were more likely to have functional 
sterilizers (12 of 14, 86%), while other HCFs such as central hospitals, health centers, and health 
posts/dispensaries were less likely, with 67% (2 of 3), 64% (9 of 14), and 25% (2 of 8), 
respectively. A few HCWs reported that they had a “sufficient and working sterilizer, [but] now 
it is no longer working, if we want to sterilize, we go to [a different HCF]” - Clinician, District 
Hospital. Others reported having small autoclaves that did not meet HCF demands. 
“The challenge that we usually have is the autoclave, it’s usually small so sometimes we 
run out of sterile equipment and we have some departments using unsterile equipment 
because of the small autoclave that we are using and the big ones are not operational. 
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So, at times we don’t use sterile but it’s because of the autoclave that we have” - Nursing 
Officer, District Hospital. 
Several HCWs explained that disinfecting (as opposed to sterilizing) the equipment with 0.5% 
chlorine solution was sufficient for surgical procedures, “we do not have sterilizing machines so 
we just use our local way, like putting them in chlorine” - In-Charge Clinician, Health 
Post/Dispensary. In almost all HCFs, there was no autoclave tape to confirm that sterilization 
was effective, “The PSI [Population Services International] people they have a tape. When you 
pack the delivery pack you stick it and that shows that they are ready. But for us we don’t have” 
– Nurse, Health Center. Swab data showed that average ATP levels across HCFs for forceps 
were 29.3 RLU (95%CI: 4.3, 54.2) (n=31). While this does not meet the 30 RLU threshold for 
“contamination,” five HCFs had forceps with ATP levels ranging from 31 to 313 RLU.  
3.5. Environment 
3.5.1. Water provision 
Most HCWs (34 of 48, 71%) were satisfied with the water provision in the HCFs. Health 
administrators reported in the survey that 60.5% HCFs had unavailable water at least once during 
the year and 34.9% of HCFs experienced water unavailability more than ten times during the 
year. However, some participants noted that the dry season was associated with a decrease in the 
supply of water, “And unfortunately, the tap water this dry season, it stops sometimes. It can stop 
for two days which means that our tank gets dry and you cannot assist patients in OPD because 
there is no running water” - Medical Assistant, Health Post/Dispensary. In addition, due to 
unreliability of Electricity Supply Corporation of Malawi Limited (ESCOM), blackouts in 
electricity were common, which meant that water could not be pumped into the HCF, “Yes there 
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were frequent blackouts. During the blackouts, the water board people could not generate the 
water without electricity” - Nursing Officer, District Hospital. Several HCWs reported that 
because of the inefficiencies in repairs and maintenance, sinks and taps were rarely used. 
Reported breakdown times range from six hours to two months.  However, these HCFs all had 
boreholes as backup sources. These boreholes were usually located within 500 m of the HCF 
(around a 5-minute walk in each direction), however there was one borehole that was reported to 
be 15 minutes away. At this HCF, patients and guardians were expected to fetch their own water, 
“to have water, we use our guardians for those patients to go to the borehole, which is near the 
primary school there down there, to draw water for the facility” - Labor Ward Nurse, Health 
Center. In addition, few HCWs reported having heated water in their HCFs. One HCW noted 
that the lack of cold water, especially at night, meant that HCWs were “not washing hands 
because you are afraid the water is cold” - Nurse, Health Center. 
In terms of the water quality, almost all HCWs reported that their HCFs did not test their 
water. Survey results show that 29.5% of HCFs treat their water to improve safety and 29.3% of 
HCFs test for water quality. Several HCWs had mentioned that their water was not treated, and a 
few said that their water was visibly dirty, “Water is not adequately treated, sometimes you can 
find some mud” - Clinician, District Hospital. Another HCW noted “if you just taste the water 
itself, it is salty” - In-Charge HCW and Administrator, Health Post/Dispensary. One participant 
said that they did not feel comfortable using untreated water from the borehole, “You know 
what, the water tables, we have got pit latrines just nearby, so I don’t feel comfortable with the 





Most HCWs (40 of 48, 83%) reported that their HCFs suffered from overcrowding and 
high patient volumes. While overcrowding affected HCFs of all sizes, it affected all central (5 of 
5, 100%) and most district hospitals (19 of 21, 90%). In contrast, HCWs reported that 
overcrowding affected health centers (9 of 14, 64%) and health centers and dispensaries (7 of 8, 
87%) less. For larger district hospitals, one HCW explains that, "It's always overcrowded as it is 
a free hospital, it's a government hospital where people will come and not pay anything and 
being a district hospital, we always have a number of patients” - Clinician, District Hospital. The 
smaller HCFs were also more likely to refer their patients to the central and district hospitals, in 
the event that care could not be provided. In many HCFs, there was not enough physical space 
(e.g., examination rooms, beds) to appropriately care for their patients. Most HCFs had either 
very few or no examination rooms to see patients. “You can see our rooms are very small, and 
they have one door, sometimes in terms of confidentiality, it becomes difficult, so someone 
might opt not to take the examination due to the environment itself” - Medical Assistant, Health 
Post/Dispensary. Survey results show that 16.7% of HCFs had a sufficient number of beds 
(n=12). In several cases, HCWs noted that patients had to share beds due to high demand and 
high patient volumes at the HCF. 
“In the departments for example in pediatrics there is congestion. You find that there are 
many kids on one bed. It means it’s easy for transmission of infections. So, if the 
infections are not cured it means for me as health worker it’s a challenge because a lot of 




In several other cases (10 of 48, 21%), HCWs stated that patients had to sleep on the floor, “If 
you go to the wards now, you will find people sleeping on the floor because the beds have been 
filled” - Clinical Officer, Central Hospital, and other patients delivered their babies on the floor, 
“there is big shortage because like here we only have six beds for patients in labor but some days 
we do have more [patients than beds… and] some of the patients were just delivering on the 
floor just because we had no beds […] for safe delivery” – Nurse and Midwife, District Hospital. 
Some HCWs were dissatisfied with the cleanliness of their HCFs, and one reason HCWs 
attributed to this problem was high patient density, “Where there are a lot of people in a small 
environment, cleanliness is a problem” - Nurse, Health Center. The average ATP level for bed 
surfaces was 788.1 RLU (95%CI: 344.2, 1232.0) (n=31), exceeding the threshold of 30 RLU for 
“contamination.” 
3.5.3. Community relationships 
Some HCWs (13 of 48, 27%) said that their HCFs shared water with the surrounding 
community. The HCWs that mentioned sharing their water supply with surrounding communities 
all worked at smaller HCFs such as health centers, posts, and dispensaries. Most HCWs that 
worked at health centers (8 of 14, 57%) and health posts and dispensaries (5 of 8, 63%) said that 
their HCFs shared water, while no HCWs who worked at central or district hospitals mentioned 
community water sharing. Some HCWs said that community water sharing led to water 
depletion, “Yes it’s a problem. Like the time there was a problem with electricity, electricity is 
off, they come and collect the water there and sometimes the tank is empty and we don’t have 
water” - Nurse, Health Center. 




Interviewer:  When community members come to get water, does that cause a challenge 
to the facility? 
Nurse, Health Center:  Not really simply because these communities are the people who 
also help us at the facility. They are also the volunteers who help us sometimes with 
sanitation issues. Especially sweeping around, sometimes we involve them.  They are 
people who make hospital committees and they should know how to help the facility. 
Because some of the things to get across to the community, we involve them. They are the 
people living with people so they are the people who can encourage the others to go to 
the hospital. 
At some HCFs, “We have been fortunate sometimes when the community, through other clubs or 
other CBOs they just plan to say, ‘We are coming to assist in the cleaning’ and the like, so they 




CHAPTER FOUR: DISCUSSION 
In this study, we present the views of HCWs in Malawi, regarding their experiences of 
facilitators and barriers to practicing IPC in the HCF. Using the SEIPS model, we found that 
there were behavioral, organizational, task-oriented, technological, and environmental factors 
that impacted an HCWs role in IPC. While some of these themes have appeared in previously 
published literature, our study established the interconnected nature of these concepts, especially 
in the context of resource-constrained settings.  
4.1. Facilitators to infection prevention and control 
The facilitators to IPC that HCWs most frequently mentioned were the health talks they 
had with patients, availability of disinfection products (e.g., chlorine), and the relationships they 
had to the surrounding community members. 
In general, HCWs reported that educating patients on best practices in regard to IPC 
helps lessen the burden of patient care on HCWs and cleaners. Patients who learn the importance 
of hand washing, toilet flushing, and general hygiene reduce their risk and the risks of others in 
contracting HAIs. However, due to a number of factors, including lack of funding and 
overworked staff, patient education is often deemed non-essential (Tan et al., 2020). One 
systematic review found that few studies have addressed patient education in IPC, highlighting 
the need for research emphasis on patient involvement in IPC (Hammoud et al., 2020). Only two 
of these studies were in low-resource settings, and in both of these studies, less than 35% of 
patients were informed about HAIs by HCWs or other HCF staff (Ocran and Tagoe, 2014; 
Hammoud et al., 2017). In this study, the extent to which HCWs informed patients about IPC 
and the risk of HAIs was not explored. Although HCFs in Malawi and other low-resource 
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settings are often understaffed and HCWs are overworked, comprehensively educating patients 
on IPC can save time and resources for HCFs. One HCW mentioned a ‘patient education unit’ in 
their HCF, which is able to streamline all patient education processes. Empowering patients to 
participate in IPC allows for certain patients to fulfill their desire to play a larger role in shared 
decision-making for healthcare processes (Cullatti et al., 2011; Gudnadottir et al., 2013). 
This study found that generally, HCWs had access to a sufficient amount of disinfectant 
product to facilitate certain IPC practices. HCWs said they were able to use 0.5% chlorine, which 
is the recommended strength for chlorine-based products in cleaning spills of bodily fluids, 
excreta, and other contaminated environmental surfaces (WHO, 2020). However, in the absence 
of sterilization equipment, HCWs resorted to using 0.5% chlorine to disinfect medical equipment 
classified as high-risk, such as forceps. Guidelines from the WHO state that "soaking of 
instruments in 0.5% chlorine solution or any other disinfectant before cleaning is not 
recommended" (WHO, 2016). Chlorine may damage or corrode the instruments, pose a risk to 
HCWs, and result in inappropriate handling and accidental damage (WHO, 2016). There are also 
ongoing studies that indicate the potential of inappropriate and excessive germicide and 
disinfectant to contribute to antimicrobial resistance (Tandukar et al., 2013; Kim et al., 2018). 
Ideally, the WHO recommends sterilizing medical equipment that are involved with a break in 
the skin or mucous membrane. The next level of local decontamination of reusable equipment is 
high level disinfection with alcohol, glutaraldehyde, peracetic acid, or peroxygen compounds, 
depending on the context (WHO, 2016). However, it is unlikely that HCFs in Malawi are 
equipped with these disinfectants and have the capacity (financial and human resources) to train 
HCWs in the nuances of each of the disinfectants. 
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Another factor that helps HCWs fulfill their IPC responsibilities is the relationships they 
develop with surrounding community members. In smaller HCFs, such as health centers and 
dispensaries, community members were said to have regularly volunteered their time in these 
HCFs to sweep and contribute to environmental cleaning. The periodic task shifting of cleaning 
responsibilities from HCWs and cleaners to community volunteers relieves the work burden that 
HCWs encounter in their workplaces. This model of task shifting has not been studied in the 
literature and as such, we do not have a comprehensive understanding as to whether this 
volunteer work potentially increases the risk of contracting HAIs for the community members. 
While task shifting in the literature has primarily focused on tasks being moved between 
physicians, specialists, and nurses, task shifting to community volunteers could also yield similar 
health system cost savings in LMICs (Seidman and Atun, 2017). 
4.2. Barriers to infection prevention and control 
Our analysis highlighted several barriers that HCWs encounter in carrying out IPC 
practices, including poor hand hygiene compliance, insufficient IPC training, overcrowding and 
understaffing in HCFs, bottlenecks in repair and maintenance processes, as well as various 
environmental factors. 
Low hand hygiene compliance is a barrier to IPC for most HCFs around the world, 
including high-income and LMICs. In this study we saw that several factors led to low hand 
hygiene compliance in HCWs, including perceived risk and dirtiness, poor accountability from 
health administrators and physicians, lack of hand washing stations, soap, sanitizers, and drying 
towels, as well as understaffing and overcrowding of HCFs. HCWs noted forgetfulness and 
laziness as reasons for poor hand hygiene compliance. These attitudes and behaviors are 
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consistent with findings from the literature. A narrative review of hand hygiene practices in sub-
Saharan African countries found that the main barriers were heavy workload, infrastructural 
deficit (eg, lack of water, soap, hand sanitizers, and blocked/leaking sinks), and poorly 
positioned facilities (Ataiyero et al., 2019). In order to prevent the spread of HAIs and improve 
adherence to IPC guidelines, a multimodal approach should be taken in order for effective and 
sustained improvements to hand hygiene to be made (Allegranzi et al., 2013). These multimodal 
approaches should consider each of the attitudes and behaviors toward hand hygiene found in our 
study and in the literature. 
Another factor that could contribute to low hand hygiene compliance, as well as poor 
adherence to IPC practices in general, is the insufficient IPC training in Malawian HCFs. While 
some HCFs seem to provide IPC training to HCWs, none were found to give refresher trainings. 
As a result of these challenges, HCWs, especially those in LMICs, do not understand IPC policy 
sufficiently to implement IPC programmes and practices (Houghton et al., 2020; Tan et al., 
2020). At the HCF-level, IPC education involving frontline HCWs in a practical, hands-on 
approach has been found to be associated with decreased HAI and increased hand hygiene 
compliance (Storr et al., 2017). 81% of IPC national strategies and action plans, including the 
Malawi Ministry of Health’s Infection Control and Waste Management Plan, highlight the 
importance of building IPC knowledge for HCWs (MoH, 2016; Storr et al., 2017). However, 
resource-constraints and lack of funding and infrastructure make it challenging for HCFs in 
Malawi and other LMICs to implement refresher training and feedback mechanisms for HCWs. 
Furthermore, facility-wide IPC policies should be regularly updated, integrated into IPC training, 
and made readily available for HCWs to refer to. 
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The vast majority of HCWs noted that their publicly funded HCFs were understaffed and 
overcrowded. HCWs mentioned several mechanisms by which the spread of HAIs might occur 
as a result of these challenges: shortcuts taken in both patient care and infection prevention 
practices, fatigue- and stress-related mistakes, high patient density, and patients sharing beds and 
laying on the floor (inadequate building capacity and HCF space). The double burden of 
understaffing and overcrowding in HCFs is well-studied and has been associated with the 
transmission of various HAIs, including methicillin-resistant Staphylococcus aureus (Clements et 
al., 2008). One study found that higher staffing level was associated with a >30% HAI risk 
reduction (Hugonnet et al., 2019). As a result of an increased incidence of HAIs, there would 
also be an increase in length of inpatient stay and bed blocking, which exacerbates the cycle of 
overcrowding- and understaffing-related infection. In resource-constrained settings, governments 
and HCFs should work toward reducing health services demand where possible, including 
improved disease prevention and public health. 
Malawian HCWs have also explained, in great detail, the poor EH conditions in their 
HCFs. Water provision, sterilization equipment, PPE procurement, and waste management in 
HCFs have previously been found to be inadequate in LMICs such as Malawi (Cronk and 
Bartram, 2018). This article highlights the interconnectedness and dynamic relationships 
between these EH conditions and other factors within the work system. HCWs noted that both 
water temperature and quality affected their attitudes on hand hygiene: cold water and water that 
was visibly dirty resulted in lower adherence to hand hygiene protocols. Smaller HCFs shared 
resources with the surrounding community but as a result, there was a greater burden on the 
water supply of the HCF. Inadequate PPE caused some HCWs to contract HAIs, resulting in a 
mistrust in PPE and added workplace stress due to perceived safety risks. Our study also 
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highlights some differences when the HCW narratives were segmented between HCF types. 
Already mentioned is the difference between smaller and larger HCFs in community water 
sharing and water supply burden, as well as more overcrowding in publicly funded hospitals. 
Another example includes a lack of functional sterilization equipment in central hospitals, health 
centers, and dispensaries compared to district hospitals. The interconnectedness of these factors 
as well as the segmented differences between HCFs should be incorporated into the design of 
environmental health solutions and interventions. 
There is little evidence describing the factors and conditions necessary to sustain 
environmental infrastructure in HCFs, including the operations and management of water, 
sanitation, and energy services. This article highlights the bottlenecks in repair and maintenance 
of environmental infrastructure in Malawian HCFs. HCWs revealed frustrations they felt with 
the inefficient and non-responsive repair and maintenance processes, waiting weeks to months 
after notifying health administrators and other authorities at the facility- and district-levels, only 
for there to be no fixes or changes. In 2019, energy access and potential consequences for health 
service delivery in 44 HCFs was highlighted. The same study recommended facility-type 
specific measures to improve energy functionality in HCFs, including energy system 
maintenance in smaller HCFs (Reuland et al., 2019). Further research should be conducted to 
understand these factors and identify bottlenecks in service delivery to improve the sustainability 
of infrastructure and supply chains. 
4.3. Implications for practice and policy  
The WHO has recognized that the best strategy for implementing IPC is a multimodal 
approach, which “involves “building” the right system, “teaching” the right things, “checking” 
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the right things, “selling” the right messages, and ultimately “living” IPC throughout the entire 
health system” (WHO, 2018). Similarly, our study recognizes the complex interactions between 
the identified barriers and facilitators on the capacity of HCWs to carry out IPC practices. 
However, to make sustainable and effective improvements, solutions must take into account 
resource constraints, especially for HCFs in Malawi and other LMICs. Costing-stakeholders and 
decision-makers for HCFs should use and adapt models to budget EH services and other IPC 
programming (Anderson et al., 2020). Lessons learned from previous and ongoing public health 
crises can also guide decision-makers in implementing sustainable improvements to IPC 
(Iyengar et al., 2020). Throughout the COVID-19 global crisis, HCWs and health administrators 
alike have learned to rationalize and optimize available resources, such as PPE, in order to 
provide health services. HCFs should also work to ensure the continuity of heightened 
reinforcement of IPC measures beyond this pandemic. 
4.4. Limitations 
Despite efforts to ensure a high quality of data collection and analysis, some limitations 
still persisted. In some cases, there is an incongruence between the qualitative and quantitative 
data. For instance, 65.9% of HCFs (through quantitative surveys) reported having IPC training 
for their staff while only 21% of HCWs (through qualitative interviews) reported having 
adequate IPC training. This incongruence suggests that while IPC training is provided, they are 
deemed insufficient or inadequate by HCWs who apply this knowledge. For other 
incongruences, response bias may have led some HCWs to under-report deficiencies in their own 
practices or of their HCFs. Due to the structured nature of the interview tool, it is also possible 
that interviewer bias influenced some responses. Generally, the results from quantitative and 
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qualitative data aligned. Because some survey questions within our study rely on HCF staff to 
recall and report on EH conditions and IPC practices, parts of the data depend on staff memory 
and knowledge of the facility. However, most of the survey responses were complemented by 
structured observations.  
Randomization of facility selection was not feasible given the time and resource 
constraints of the data collection team. However, because the purposive sampling of HCFs took 
into account the type of facility, population, and location, the sample accounts for the variability 
between regions and facility types. 
In addition, it is important to take into consideration the context of the study. These 
findings and results are directly applicable to Malawian HCFs, but might not be as relevant to 
HCFs in other LMICs, especially outside of Sub-Saharan Africa. Furthermore, this study focused 
on governmental hospitals and governmental health centers and may not be generalizable to all 
facility types and other nongovernmental HCFs in Malawi. However, the results of this study are 
generalizable to governmental hospitals and health centers across all three regions of Malawi.   
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CHAPTER FIVE: CONCLUSION 
A work systems evaluation is a valuable tool for HCFs to identify barriers and facilitators 
to IPC practices. Data from 48 HCW interviews, as well as surveys and sterility swab samples 
across 45 HCFs showed that while facilitators for IPC practices exist (including patient 
education, sufficient access to IPC resources in some cases, and community relationships), there 
were also many barriers preventing adequate EH conditions, as well. Some of these barriers 
include poor hand hygiene compliance, insufficient IPC training, overcrowding and 
understaffing in HCFs, bottlenecks in repair and maintenance processes, as well as various 
environmental factors. It is clear that a multifaceted approach is necessary to improve the 
conditions in which HCWs carry out IPC practices. In resource-constrained settings, such as in 
HCFs in Malawi, it is especially important to optimize funds and resources. A more 
comprehensive understanding of the factors that influence IPC practices will contribute to better 
solutions. By addressing the known barriers and investigating the bottlenecks and work system 
interactions, decision-makers can craft better interventions and policies to support HCWs in 





APPENDIX A: INTERVIEW GUIDE FOR HEALTHCARE WORKERS 
 
Overarching Research Question: What are enablers and barriers to safe environmental health 
practices in health care facilities? 
 
1) Can you tell me a little about yourself? 
a) Prompt: Ask about their educational background 
b) Prompt: Ask about their occupational training 
c) Prompt: Ask about post-school training, such as refresher trainings, in-service 
trainings, etc. 
 
2) How long have you worked here? 
a) Is your contract renewable? Or, do you have a permanent position? (i.e. understanding 
incentives for engaging in improving environmental health) 
 
3) Can you tell me about your roles and responsibilities here? 
a) Prompt: Ask them to talk about their job description. Is environmental health included? 
b) How do you define environmental health in health care delivery? 
c) We define environmental health as environmental components that impact the safety 
and the quality of health care which include water, sanitation, hygiene, waste, and energy. 
Are these considerations included in your roles and responsibilities? 
 
4) Could you please describe how the following people interact? Is the interaction positive or 
negative (i.e. verbal, physical)? 
a) Patients and health care providers? 
b) Non-medical staff and health care providers? 
 
5) What is the method of communication used when you need to speak with another staff 
member? 
a) What are the challenges associated with this method of communication? 
 
6) Now I will ask you some questions about this facility. 
a) Is demand for service is low/med/high? Is there overcrowding? 
b) Prompt: You might ask about which times of the day are the busiest; which times of 
year; etc. 
This gives us a picture of daily/weekly/annual variation. Ask for specific numbers. 
c) Are you satisfied with the cleanliness in this facility? Why, why not? 
i) Prompt: Are you able to appropriately sterilize medical equipment before use? 
(1) Prompt: [If yes] How? [If no] Why not? 
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ii) Prompt: How is your healthcare waste managed? 
iii) Prompt: Do you feel protected from infectious or hazardous materials in this 
facility? Are patients? Why or why not? 
d) Prompt: Would improving cleanliness allow you to better care for patients? How so? 
I am interested in the environmental health conditions in your HCF. I will ask you a few 
questions about water, sanitation, hygiene, waste, and energy. Please feel free to share 
any particular experiences or stories on any of these topics and it is okay if you do not 
know the answers to some of my questions. 
 
7) The following questions will relate to water at this facility. 
a) Who has access to the water? 
i) Prompt: Patients, cleaning staff, nurses, doctors, admin, etc.? Do these people access 
separate water sources? 
b) How easy or difficult is it to get access to clean drinking water at the HCF? 
i) Prompt: Is it shared with a nearby community? Do lots of people use it? Is it 
always available? Etc. 
c) Can you recall a time when you did not have access to water? How did you cope? 
i) Prompt: [If water was not available] Ask why. 
(1) [If water access is energy related] Is the water ever unavailable due to 
energy reasons? 
ii) Prompt: Ask about daily/weekly/monthly availability (and if they can actually 
remember). Is it erratically available or predictably available? How many hours 
per day is it available? Ask if availability is seasonal. 
d) [If water access is energy related and a non-energy reason was given for lack of water 
availability] Prompt: Is the water ever unavailable due to energy reasons? 
e) Prompt: Do you have hot water for personal or patient hygiene, or other purposes? 
f) Are you satisfied with the provision of drinking water in this facility? Why, why not? 
i) Prompt: Would improving the availability of safe food and water allow you to 
better care for patients? How so? 
 
8) The following questions will relate to hygiene and infection prevention at this facility. 
a) Can you tell me the appropriate steps of hand washing? 
b) Who has access to hand washing stations? 
i) Prompt: patients, cleaning staff, nurses, doctors, admin, etc.? 
c) Do you receive any training on infection prevention at this HCF? 
i) [If yes] How often? 
ii) What is included in this training? 
(1) Prompt: Is hand hygiene a component of this training? 
d) Do you know of any specific policies related to infection prevention? 
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i) [If yes] Are they available for us to look at a copy after this interview? 
e) Do you talk to your patients about infection prevention practices? 
f) How easy or difficult is it to access personal protective equipment? 
i) Prompt: Gloves, eye protection, face masks, etc. 
g) How easy or difficult is it to practice hand washing at points of care? 
h) Can you recall a time when you were providing medical services and did not have 
access to a hand washing station with soap? How did you cope? 
i) What do you use to dry your hands after washing? How do you cope if you 
don’t have materials to dry? 
j) Please briefly describe up to five key moments where you should wash your hands. 
k) As a health care provider, what main challenges do you face in your work in terms of 
hygiene and safety? 
 
9) The following questions will relate to sanitation at this facility. 
a) How easy or difficult is to access sanitation facilities? When you do not have access, 
how do you cope? 
b) Who has access to sanitation facilities? 
i) Prompt: Patients, cleaning staff, nurses, doctors, admin, etc. 
ii) Prompt: Are these facilities separate or combined for staff and patients? 
c) Can you describe the sanitation facilities? 
i) Prompt: Are they clean? Ask about the number relative to population of HCF. 
d) Where do people go to the bathroom if they don’t use the sanitation facility provided 
(or if there 
is no sanitation facility available)? 
e) How easy or difficult is to wash hands after using sanitation facilities? 
f) How easy or difficult is it for women to have a private and safe space to take care of 
menstrual 
hygiene? 
i) Are water and/or sanitary pads provided? 
g) Do people feel safe using the facilities? Do they afford privacy? 
i) Prompt: Is there adequate lighting? Do the doors lock? Ask about safety issues. 
Can they use it privately? Does it smell? Are there anal cleansing materials 
provided? 
h) Do you use the sanitation facility? 
i) Prompt: Do you feel safe using it? Do you think it’s private? 
ii) Prompt: If you don’t use it, why not. 
i) In the past year, has there been any flooding on the grounds? 




10) The following questions will relate to energy at this facility. 
a) Are you satisfied with the lighting at night in this facility? Why, why not? 
i) Prompt: Indoor lighting? Outdoor lighting? 
ii) Prompt: Is the facility open at night? Do you feel safe working at night? 
iii) Prompt: Can you describe a time that lighting has interfered with your ability 
to serve a patient? 
iv) Prompt: Would improving lighting allow you to better care for patients? 
How so? 
b) Are there services you cannot provide when energy is not available? 
i) [If yes] Prompt: How do you cope? 
c) Are you always satisfied with the temperature in this facility? Why, why not? 
i) Prompt: Is there ventilation or air conditioning? 
ii) Prompt: Do you ever feel too hot or too cold? Do patients? 
iii) Prompt: Would improving temperature control allow you to better care for 
patients? How so? 
 
Summing it up: 
 
11) Given our conversation today about environmental health conditions in this facility, what 
would you say is the most positive aspect of environmental health in this facility? 
 
12) On the other hand, what would you say is the biggest challenge to maintaining hygiene and 
environmental health in this facility? 
 
13) What incentives are needed for staff to improve environmental conditions? 
a) Prompt: Higher pay? Better incorporated into job description? Better training? 
 
14) Have you ever worked at a different public HCF before? What was that like? How does it 
compare to this one? 
 




APPENDIX B: INFORMED CONSENT FORM 
 
University of North Carolina at Chapel Hill  
Consent to Participate in a Research Study  
Adult Participants   
  
Consent Form Version Date: 1.0 dated June 9, 2017  
UNC IRB Study # 16-1682  
  
Title of Study: Understanding the enablers and barriers of implementing environmental health 
and hygiene interventions in health care facilities  
  
Protocol Version May 7, 2019  
 
Malawi Principal Investigator: Innocent Mofolo  
Malawi Phone number: 0888-202-152  
Co-Investigators: Ryan Cronk, Amy Guo, Wren Tracy   
                                
UNC Principal Investigator: Irving Hoffman  
UNC-Chapel Hill Department: Medicine   
  
Funding Source and/or Sponsor: Funding source: P&G Children’s Safe Drinking Water 
Program; Wallace Genetic Foundation; University of North Carolina at Chapel Hill  
  
Study Contact telephone number: 0888-202-152  
_________________________________________________________________  
  
What are some general things you should know about research studies?  
You are being asked to take part in a research study.  To join the study is voluntary.  
You may refuse to join, or you may withdraw your consent to be in the study, for any reason, 
without penalty.  
  
Research studies are designed to obtain new knowledge. This new information may help people 
in the future. You may not receive any direct benefit from being in the research study. There also 
may be risks to being in research studies. Deciding not to be in the study or leaving the study 
before it is done will not affect your relationship with the researcher, your health care provider, 
or the UNC Project-Malawi. If you are a patient with an illness, you do not have to be in the 




Details about this study are discussed below.  It is important that you understand this information 
so that you can make an informed choice about being in this research study.   
  
You will be given a copy of this consent form.  You should ask the researchers named above, or 
staff members who may assist them, any questions you have about this study at any time.  
  
What is the purpose of this study?  
The purpose of this research study is to use implementation science to identify the sustainability 
factors that enable or impede the implementation of environmental health infrastructure and 
environmental hygiene in two health care facilities in Malawi. The study will also assess the 
costs of providing these services.   
  
You are being asked to be in the study because we are evaluating this health care facility. We are 
hoping to learn about the facility and your experiences.  
  
Are there any reasons you should not be in this study?  
You should not be in this study if this is your first visit to this health care facility.   
  
How many people will take part in this study?  
There will be two facilities in this research study, and 5 to 25 participants at each facility. This 
will include service providers who support environmental health in this facility. We will also 
interview policy makers. Total number of participants who will enroll in this study is 
approximately 100.  
  
How long will your part in this study last?  
The research will take place over 6-months, with field research taking place over a period of a 
month or two. You will only be asked to participate in one or two interviews, which will be 
audio-recorded with your permission.   
  
What will happen if you take part in the study?  
All activities will be arranged at a time and place that is convenient for you. The interview will 
be audio recorded with your permission. An interviewer will lead the conversation with 
questions regarding the environmental conditions in the health care facility.   
The interview will consist of talking to you about the environmental conditions, your interactions 
with the infrastructure, and services provided at this health care facility. The interview may take 
1 ½ hours if you agree to have it audio recorded. If you do not agree to audio recording the 





What are the possible benefits from being in this study?  
Research is designed to benefit society by gaining new knowledge.  Your participation and this 
overall activity may eventually lead to improved environmental conditions at this facility.  But 
you may also have no direct benefit from this research.   
  
What are the possible risks or discomforts involved from being in this study?  
  
You may feel uncomfortable to answer questions. You can refuse to answer any questions asked 
of you at any time.  
Answers from the interview will not be shared outside of the team working on this study. We 
will not ask or record your name or other information about your identity, so your responses will 
remain anonymous.   
  
  
If you choose not to be in the study, what other treatment options do you have?  
Taking part in this research study is voluntary and you do not have to agree to participate. This 
means that you can leave at any stage, and do not have to participate in any activities or answer 
any questions if you do not want to. Please note that by finishing any of the activities, you are 
allowing the researchers to use any information you provided. Most of what you will share with 
the researchers will relate to your experiences in the health care facility. Please remember that 
you do not have to share any information that makes you feel uncomfortable or embarrassed.  
  
What if we learn about new findings or information during the study?   
You will be given any new information gained during the course of the study that might affect 
your willingness to continue your participation.   
  
How will information about you be protected?  
Your privacy and confidentially is important to the researchers, and we will put in place a 
number of steps to make sure that your rights are protected and your access to care is not affected 
if you are a government official. We do this by using codes to identify you instead of your names 
and personal contact details. Audio recordings will be de-identified, transcribed and translated 
into English.  
  
Check the line that best matches your choice:  
  
_____ OK to record me during the study  
  




What if you want to stop before your part in the study is complete?  
You can withdraw from this study at any time, without penalty.  The investigators also have the 
right to stop your participation at any time. This could be because you have had an unexpected 
reaction, or have failed to follow instructions, or because the entire study has been stopped.  
  
Will you receive anything for being in this study?  
There is no compensation for participating in this study.  
  
Will it cost you anything to be in this study?  
It will not cost you anything to be in this study.  
  
Who is sponsoring this study?  
The organization P&G Children’s Safe Drinking Water Program and the Wallace Genetic 
Foundation are sponsoring this study along with the University of North Carolina, USA. This 
means that the research team is being paid by the sponsor for doing the study.  The researchers 
do not, however, have a direct financial interest with the sponsor or in the final results of the 
study.  
  
What if you have questions about this study?  
You have the right to ask, and have answered, any questions you may have about this research. If 
you have questions about the study (including payments), complaints, concerns, or if a research-
related injury occurs, you should contact the researchers listed on the first page of this form.  
  
What if you have questions about your rights as a research participant?  
All research on human volunteers is reviewed by a committee that works to protect your rights 
and welfare.   If you have questions about your rights as a research participant, or problems or 
concerns about how you are being treated in this study, contact, anonymously if you wish, the 
head of secretariat, Dr. Damson Kathyola at 0888-344-443.   
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
  








APPENDIX C: FINAL CODEBOOK 
Parent code Description Children codes Grandchildren codes 
Children/grandchildren 








government; HCF*; HCW; 
HSA; Maintenance team; 
NGO/external support 
actor; Patient; SHSA; 
Ward in-charge; Utility; 
Committee*; Guardian; 






committee; IP committee / 
Environmental health 
official: EHO, AEHO, 
HSA, SHSA, Central level 
official, district level 
official, facility level official 
/ HCF: Central HCF, 
District HCF, Health 
center, Health 
post/dispensary / Other 
Ministry: Ministry of Water 
and Irrigation 
Note: "District hospital" 
("DHO") is different from 
"District government" 
(District commissioner)  
Budget  
National budget; District 
budget; Facility budget; 
EH budget; specific 
allocation    
Challenges      
EH definition 
For "what does 
EH mean to 
you?"--co-code 
with topics 
mentioned     
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source; backup source; 
energy reliability; energy 
supply quality; Energy 
Use: sterilization, lighting, 
water pump, refrigeration, 
critical equpiment, energy 
at night; temperature 










HCF practices: cleaning 
practices / HCF 
infrastructure: building; 
incinerator; isolation room; 
guardian shelter; pit with 
fence; pit without fence / 
HCF relationships: HCW-
HCW, HCW-patient; 
HCW-other staff; other 
staff-other staff; other 
staff-patients; 
Communication: posters; 
outreach*; HCF supplies: 
Cleaning supplies; fuel; 
linens; medicine Outreach: Health talks  
HCF conditions  
Nosocomial infections; 
HCF cleanliness; demand 
for service; quality of care    
Human rights  
Dignity; Equity; Patient 
rights; Human right to EH* 
Human right to EH: 













ventilation; vector control; 
food safety; vaccines; 
menstrual hygiene 
Hand hygiene: access to 
stations; access to 
soap; access to drying 
materials   

















when the use of 
infrastructure or the 
implementation of policy 
deviates from its 
intended use/practice  
Methods  
Great quote; 
contradiction/lie; Unclear - 
follow up; New code 
needed; Other    





Communication with other 




district; facility / 
Communication with 




of communication / 
Specific policy: Public  
Draft Environmental 
Health Policy: "Policy 
component:" WaSH; 
Emergencies, climate 
change, and human 
health; Food safety & 


















Communication with other 
gov't officials*; Specific 
policy*    
Prioritization      

















primary sanitation source; 
quantity of facilities; 




Wet season; dry season; 
cold season; hot season    






responsibilities; job   
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type; work conditions; 
supervision 
description 





access / Insufficient: 




(past or current) training level* 
Training level: National; 
district; facility; other   
Transportation      
Waste management  
Waste transport; waste 
segregation*; waste 





infectious waste; sharps; 
placenta   
Water  
Water maintenance; water 
reporting; water payment; 
water use*; water access; 





source; water quality; 
water treatment; water 
system type; back-up 
water source; water 
system reliability; water 
system breakdown; 
water system repair; 
Non-HCF use of water 
system / Water use: 
bathing; cleaning; 
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